In Arabidopsis, mitogen-activated protein kinases MPK3, MPK4 and MPK6 constitute essential relays for a variety of functions including cell division, development and innate immunity. While some substrates of MPK3, MPK4 and MPK6 have been identified, the picture is still far from complete. To identify substrates of these MAPKs likely involved in cell division, growth and development we compared the phosphoproteomes of wild-type and mpk3, mpk4 and mpk6. To study the function of these MAPKs in innate immunity, we analyzed their phosphoproteomes following microbe-associated molecular pattern (MAMP) treatment. Partially overlapping substrates were retrieved for all three MAPKs, showing target specificity to one, two or all three MAPKs in different biological processes. More precisely, our results illustrate the fact that the entity to be defined as a specific or a shared substrate for MAPKs is not a phosphoprotein but a particular (S/T)P phosphorylation site in a given 
In Arabidopsis, MPK3, MPK4 and MPK6 have been implicated in the regulation of cell cycle, cytokinesis, plant development and innate immunity (2) . The involvement of the MAPK module ANP2/ANP3 and MPK4 along with its target MAP65-1 is essential for microtubule organization and cytokinesis and mpk4 plants are extremely dwarfed. (3) . MPK4 was localized to the cell plate in root tip cells and was shown to be required for cell plate formation (4).
MPK3 and MPK6, together with the upstream MAPKKK YODA, were found to play a critical role in the formation, number and patterning of stomata. While mutants lacking YODA accumulated many stomata, inducible RNAi double mutants of mkk4/mkk5 and mpk3/mpk6 exhibit clustered stomatal patterning indicating that the specification of stomata and pavement cells are disrupted (5) . Recently, it was shown that the MKK7-MPK6 cascade plays a role in shoot branching by phosphorylation of its downstream target PIN1 whereas the MKK7-MPK3 cascade regulates leaf development (6) . MAPKs have also been implicated in the inducible defense system of plants, both upon recognition of microbe-associated molecular patterns (MAMPs) leading to MAMP-triggered immunity (MTI) and during effector-triggered immunity (ETI) (7) . MTI is induced by the sensing of MAMPs by plant pattern-recognition receptors (PRRs) (8) . One such MAMP is the N-terminus of bacterial flagellin, represented by the 22-amino-acid-long peptide flg22 from Pseudomonas aeruginosa (9) . In Arabidopsis, recognition of flg22 by the PRR flagellinsensitive 2 (FLS2) together with its co-receptor BAK1 activates Ca 2+ influx, production of reactive oxygen species (ROS) and phytohormones, as well as
CDPKs and MAPKs (8) . These defense responses also include stomatal closure to restrict pathogen entry (10, 11) , callose deposition to reinforce the 4 cell walls (12) , and the production and secretion of antimicrobial molecules such as the phytoalexin camalexin and PR1 protein (13) (14) (15) (16) . Arabidopsis MPK3, MPK4, MPK6 and recently also MPK1, MPK11 and MPK13 are transiently activated in response to MAMP treatments (17) (18) (19) (20) (21) . In response to flg22 sensing, at least two MAPK modules are activated: MKK4/MKK5-MPK3/MPK6 (17, 22 ) and MEKK1-MKK1/MKK2-MPK4 (20, 23) . The MKK4/MKK5-MPK3/MPK6 module is thought to positively regulate immunity (24). The MEKK1-MKK1/MKK2-MPK4 module was originally considered to negatively regulate immunity (20, 23, (25) (26) (27) , but subsequent work showed that this module is guarded by the R protein SUMM2, explaining the constitutive defense responses present in mutants of the MEKK1-MKK1/MKK2-MPK4 cascade (28) (29) (30) . Recently, we performed a genome-wide transcriptome analysis of responses triggered by flg22 in wild-type (WT) and mpk3, mpk4 and mpk6 plants, revealing both specific and cooperative functions of MPK3, MPK4 and MPK6 in immunity (31).
Targeted experiments and more systematic approaches have so far allowed the identification of several confirmed or putative substrates of these three immune MAPKs (32-34). However, these studies were done either in vitro or with inducible systems of upstream regulators which bear inherent problems of overexpression and specificity. Here, we quantitatively compared the cytoplasmic phosphoproteomes of WT and mpk3, mpk4 and mpk6 mutant plants under ambient conditions and upon MAMP stimulation. We identified 152 differentially phosphorylated peptides in response to flg22 treatment and/or when compared between genotypes. 70 of these phosphopeptides could be classified as putative MAPK targets, which was further confirmed by biochemical analysis on seven proteins, with phosphosites that are specific to one or shared by several MAPKs. Overall, our work largely expands the repertoire of putative MAPK substrates, and confirms previous genetic and transcriptomic analysis (31) by providing the biochemical basis for the specific and partially overlapping roles of the three MAPKs in plant growth and defense.
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Experimental Procedures Plant material and culture conditions
For phosphoproteomic experiments, Arabidopsis thaliana ecotype Columbia-0 (Col-0) was used as wild-type (WT) plant. The mutants were mpk3-1 (SALK_151594) (35), mpk4-2 (SALK_056245) (4) and mpk6-2 (SALK_073907) (35) which were all generated in Arabidopsis ecotype Col-0.
Plants were grown, treated and harvested as described in (34) . Three biological repeats were prepared for mpk3, mpk4 and mpk6 mutant plants and four repeats were obtained from WT plants, three of which had already been examined within our former study (34) . Within each biological repeat, one sample was treated for 15 min with water and another sample for the same duration with 1 µM flg22 (final concentration). In the particular case of mpk4 mutant, the mpk4-2 mutation was segregating. mpk4 -/-seedlings were thus first isolated based on their root phenotype (i.e. shortening and thickening of the primary root) (4) . Selected seedlings were then transferred to liquid medium with the growth conditions mentioned previously (34) which allowed reverting the severely dwarf phenotype of mpk4.
Protein isolation and phosphopeptide enrichment
Cytoplasmic protein fractions were obtained, proteins were precipitated and then proteolyzed with trypsin and phosphopeptides were enriched using the IMAC resin as described in (34) .
Immunoblotting
About 80−100 mg of plant ground in a mortar with liquid nitrogen were resuspended in 200 µL of a buffer containing 50 mM Tris-HCl pH 7.5, 150 mM NaCl, 0.1% NP40, 5 mM EGTA, 0. TBST overnight at 4 °C. The membranes were washed three times with 1x
TBST. Goat anti-rabbit antibodies (at a dilution of 1:15,000 in 5% BSA in 1x
TBST) conjugated to horseradish peroxidase were used as secondary antibodies. The membranes were washed again three times with 1x TBST, and the antigen−antibody interaction was detected with enhanced chemiluminescence reagent (ECL Prime, GE Healthcare) using an imaging system (ChemiDoc MP System, Bio-Rad). Coomassie blue staining of blots was then carried out for protein visualization.
LC-MS/MS analyses of phosphopeptide samples
LC-MS/MS analyses of IMAC-enriched phosphopeptide samples were performed exactly as detailed in (34) . Briefly, a Dual Gradient Ultimate 3000 chromatographic system (Dionex) was interfaced to an LTQ-Orbitrap XL ETD mass spectrometer (Thermo-Fisher Scientific). Phosphopeptide samples were separated on a C18 capillary column (Acclaim PepMap C18, 15 cm length x 75 µm I.D. x 3 µm particle size, 100 Å porosity, Dionex) with a gradient analysis, a charge-state dependent reaction time was used according to the formula CS-depRT x 2/z ms, with z being the precursor charge state. The successive use of MSA and ETD was meant to maximize the success rate of peptide identification, in particular in terms of precise phosphosite assignment from the MS/MS spectra (34, 37) . The acquired data were interpreted using Mascot, followed by our in-house developed tool FragMixer which allows (i) merging the phosphopeptide identifications provided by paired MS/MS spectra and validating precise phosphosite positioning or maintaining ambiguity on phosphate group localization based on the Mascot-Delta score (MD-score) (38) .
LC-MS/MS analyses of whole cytoplasmic protein digests
To estimate the impact of flg22 treatment and/or genetic background on the relative abundance of whole proteins, we sought to identify them by nonmodified peptide sequences, by performing the analysis of total cytoplasmic extracts after tryptic digestion. Protein samples were reduced, alkylated and proteolyzed exactly as those prepared for phosphopeptide enrichment. A capillary liquid chromatography (Dual Gradient Ultimate 3000 chromatographic system (Dionex)) system coupled to a Q-Exactive instrument (Thermo-Fisher Scientific) was used to carry out LC-MS/MS analyses.
Peptides were separated using a gradient starting at 100% solvent C between m/z 400 and 1,500 in profile mode; target resolution in MS was set to 8 70,000, the automatic gain control (AGC) was 10 6 and the maximum injection time was 250 ms. MS/MS spectra were acquired with a resolution set to 17,500, an AGC of 5.10 4 , a maximum injection time of 120 ms, a normalized collision energy of 30% and an isolation window of 2 m/z.
MS data interpretation
RAW data files acquired on phosphopeptide samples on the LTQ-Orbitrap XL ETD instrument were processed using the software Proteome Discoverer 1. Fragment types taken into account were those specified in the configuration 'ESI-trap' in the MSA workflow, and 'ETD-trap' in the ETD workflow. The possible oxidation of methionine residues was ignored, because we verified that its addition did not allow increasing the number of unique phosphopeptides identified at a fixed false discovery rate (FDR) (37). The data was then processed using FragMixer (37), an in-house developed computational tool that collates the information provided by the database search engine Mascot, from two different spectra with respect to amino acid sequence and location of phosphosite using two simple filtering rules relying on the peptide scores and Mascot Delta scores (MD-scores). It is publically available and can be downloaded from http://proteomics.fr/FragMixer.
FragMixer was used to reach an estimated FDR of 1% for all analyses and a false localization rate (FLR) of phosphosites below 5%. We specified MDscore thresholds associated to a FLR below 5% according to (38 is the treatment effect (mock vs flg22), M j is the mapk mutation effect (WT, mpk3, mpk4 and mpk6), T ×M ij is the interaction effect of the main factors and ε ijk is the residual. Phosphopeptides being flg22-dependent or genotypedependent were extracted at a p-value below 0.01.
Bioinformatic analyses of phosphorylated proteins
Phosphorylated sequences identified with confident phosphosites were submitted to motif-x (http://motif-x.med.harvard.edu/motif-x. html) (42) to uncover over-represented phosphorylation patterns. Parameters set for the width, occurrences, significance, and background were 13, 20, 10 −6 , and
International Protein Index Arabidopsis proteome, respectively. These phosphorylated sequences were also submitted to STRING (43) . We discarded non-connected protein entries. The represented network was obtained at a « medium confidence » in data settings (min interaction score 0.4).
Putative MAPK docking sites were searched using the ELM program (http://elm.eu.org/) (44) with the UniProtKB identifier of the proteins of interest.
Gene synthesis and Gateway™ cloning
The 
Bimolecular fluorescence complementation (BiFC)
To obtain the expression vectors, coding sequences of candidate genes and 
GST pull-down assays
His 6 -tagged or His 6 -MBP-tagged candidate proteins and constitutively active GST-tagged MAPKs were expressed in E. coli BL21-AI or Rosetta strains.
Ten µg of GST-MAPK protein lysates were incubated for 1 h at 4°C with 50 µl of glutathione sepharose 4B resin in 1 ml of binding buffer (25 mM Tris-HCl pH 7.4, 75 mM NaCl, 0.5 mM EDTA, 0.5 mM DTT and 0.01% Triton X-100)
supplemented with 1% protease inhibitor cocktail. The resin was then washed three times with binding buffer and incubated for 4 h at 4°C with 10 µg of candidate protein lysates in 1 ml binding buffer. The resin was then washed four times and bound proteins were eluted in SDS-sample buffer, denatured for 10 min at 95°C, and subjected to SDS-PAGE followed by immunoblotting analysis, as described earlier, using anti-His antibody (Qiagen Penta-His Antibody Cat. No 34660). Blots were stained with Ponceau-S for visualization.
E. coli protein lysates expressing GST alone were used as negative controls.
Subcellular localization
Coding sequences of candidate genes were cloned in fusion with GFP at their C-terminal part under the control of the CaMV-35S promoter, in the pGWB5
vector. Recombined vectors were transformed in A. tumefaciens C58C1 strain which were subsequently infiltrated into N. benthamiana leaves, and GFP fluorescence was visualized after 3 days, essentially as described earlier for BiFC.
Results
Overview of phosphoproteomes of WT and mapk mutants
To identify phosphoproteins that exhibit changes in phosphorylation levels in any of the mpk3, mpk4 and mpk6 mutants, we performed a phosphoproteomic analysis of at least three independent biological repeats of WT plants and of mpk3, mpk4 and mpk6 mutants after mock or 15 min treatment with flg22 (Figure 1-A Figure 1C ).
To extract phosphorylation motifs from the dataset, the phosphopeptides identified with precise phosphosites were submitted to motif-x (49) ( Figure   1D , Table S1 ). The combined low-stringency (S/T)*P and high-stringency Px(S/T)*P MAPK motifs accounted for the largest peptide population, followed by the casein kinase motif SxxS* and the SnRK/CDPK "simple motif 1"
(K/R)xx(S/T)* (50), which fits to the involvement of CDPKs in flg22 and biotic stress signaling (51, 52). However, the motifs S*DxE, S*ExE, S*xDD, S*xxE and S*xE correspond to unknown acidophilic kinases.
To identify the differentially phosphorylated peptides ( Table S2 ) that depend on any one of the three MAPKs in the absence of MAMP challenge ( Figure   1E ) or in response to MAMP treatment ( Figure 1F ), we performed WT/mapk pairwise comparisons for peptides that are absent in any one condition (Table   S3 ) as well as analyzed the entire dataset by a two-way ANOVA statistical test for relative changes in phosphorylation levels (Table S4 ). A total of 152 different phosphorylated sequences (corresponding to 138 proteins) were identified in this way, of which 70 harbored an (S/T)*P site. The differentially phosphorylated peptides were grouped into two categories: those that depend on the genetic background of the three MAPKs under non-immunity and those that depend on flg22 (immunity-dependent).
Relative abundance of (phospho)proteins in WT and mapk mutants
Since several hundred genes are differentially expressed in mpk3, mpk4 and mpk6 mutants (31), it was important to distinguish between changes in phosphorylation stoichiometry and changes in protein amounts (53) (54) (55) . We therefore performed LC-MS/MS analyses of the total peptide extracts ( 
Identification of MAPK targets in non-immune processes
All phosphopeptides quantified in the eight conditions are listed in Table S2 .
To identify phosphorylation events that depend on the respective MAPKs in non-immune processes, we compared the phosphoproteomes of WT and mpk3, mpk4 and mpk6 under unchallenged conditions. We obtained a total of 107 unique phosphopeptides corresponding to 102 proteins when comparing the mapk with the WT data ( Table 1 and Table S6, established from Tables   S3, S4 and Figure S2) . A total of 51 peptides harbored one or two (S/T)*P motifs ( Figure S2 ). Among these phosphopeptides, the vast majority showed reduced levels in a single mapk, indicating their preferential direct or indirect phosphorylation by that MAPK.
Among these proteins, most were decreased in mpk6, with 16 bearing an (S/T)*P phosphosite ( 
Identification of flg22-induced phosphorylation targets and contribution of MAPKs
To identify proteins related to MTI, we then looked for flg22-induced phosphorylated peptides in WT and mpk3, mpk4 and mpk6 mutant plants and among these for probable MAPK targets. First, the absence of the dual A group of 19 phosphopeptides corresponding to 17 proteins were flg22-induced in a similar way in the four genotypes of WT and mpk3, mpk4 and mpk6 mutants ( Table 2, established from Tables S3 and S4 ). Overall, 18 of these 19 sequences contained an (S/T)*P site, which suggests that they are either targeted by MPK3, MPK4 or MPK6 in a redundant fashion or by yet other MAMP-induced MAPKs (21).
Among phosphopeptides being absent in one mapk mutant in unchallenged conditions ( Table 1) , some remained non-phosphorylated in that mutant upon flg22 treatment, but others became phosphorylated. In the first category, the sequence LS(t)*PKPLPSDLLHLK from the 2-oxoglutarate (2OG) and Fe(II)-dependent oxygenase superfamily protein AT1G06650 became de novo phosphorylated in all studied genotypes upon flg22 stimulation except in mpk6
( Table 2 ). This T*P site thus appears to be a specific direct target of MPK6 both under normal growth and MAMP signaling. In contrast, the second category of phosphopeptides was phosphorylated during MTI by another MAPK than the deleted one, maybe via a compensatory mechanism. One such example is SVETL(s)*PFQQK from F2KP, which is absent in mpk4 mutant in mock condition, but is well detected upon flg22 stimulation ( Table   2 ). Ten phosphopeptides of Table 2 were not detected in the mpk6 mutant under mock conditions and showed no increase in phosphorylation levels in WT plants upon flg22 treatment. However, these peptides became modified in flg22-stimulated mpk6 plants. The latter sites are therefore targeted by other immune MAPKs when the plant needs to counteract a pathogen attack.
Altogether, these observations highlight the interconnectivity of the MAPK cascades that contribute to MAMP signaling robustness.
The interaction of MAPKs with their substrates usually requires the presence of a MAPK docking site (D-site) (56). We thus searched for the possible presence of D-sites in the sequence of the proteins harboring (S/T)*Pmodified peptides using the ELM program (Table S3 and Table S4 
Phosphopeptide cluster analyses reveal major differences in MAPK targets
To obtain a global view on the different mapk mutants, a cluster analysis was performed on the phosphopeptides exhibiting significant abundance variations between mutant and WT plants. As shown in Figure S4 , the biggest differences in the phosphoproteomes are found between mpk6 and the other mutants and WT plants. Interestingly, most phosphopeptides are less abundant in mpk6, irrespective of whether these are phosphorylated on (S/T)*P or other motifs. Moreover, the phosphoproteome of mpk3 is more closely related to that of mpk4 than to mpk6, confirming our previous transcriptomic studies (31).
The global heat map of the non-treated and flg22-treated samples together 
Interaction network of the MPK4 phosphoproteome
MPK4 has a prominent role in cytoskeleton organization and cytokinesis. The were absent or reduced in mpk4 ( Figure 4A ). In the MPK4 network, SCL30 is connected to SKIP and the RNA helicase DHX8/PRP22 (AT3G26560) and phosphopeptides corresponding to SKIP and DHX8/PRP22 are missing in mpk4, suggesting that SCL30, SKIP and DHX8/PRP22 are all in vivo substrates of MPK4.
Interaction network of the MPK6 phosphoproteome
As shown in Figure 3B , MPK6 is linked to the dual specificity phosphatase MKP1 which regulates MAPK activation levels and is an important regulator of biotic and abiotic stress responses (63, 64 challenge exemplifies its regulation ( Figure 4C and Table S3 ). Carbon metabolism and cell wall synthesis also seem to be targeted by MPK6, as
shown by the three UDP-glucose dehydrogenases UGD2, 3 and 4.
In addition, three probable direct MPK6 targets which show upregulation of their phosphosites upon flg22 treatment were Varicose (VCS) and the unknown function proteins AT5G43830 and AT3G03570 (Table S4) , thereby constituting additional possible MAPK substrates with a role in defense response.
Interaction network of the MPK3 phosphoproteome
The MPK3 phosphoproteome was the smallest of all three MAPKs ( Figure   3C ). Nonetheless, several targets could be linked to MPK3. Most prominently, MPK3 was linked to several substrates that also appeared in other networks, such as MKP1, which was found in the MPK6 network. Similarly, CPK6 was shared with MPK4, and three of the 60S ribosomal proteins were shared with 22 MPK6. However, two interesting MPK3-specific targets could also be identified: one is the plasma membrane H+ ATPase AHA1, which is of major importance for both abiotic and biotic stress conditions (67, 68) and the other is the deubiquitinase UBP24, which was shown to be an important regulator of ABA signaling (69). However, in both cases, MPK3 functions as an indirect regulator, as the respective phosphosites do not match the MAPK signature.
Interaction of immune MAPKs with their putative substrates
The assessment of the quantitative phosphoproteomic data suggested Overall, the direct physical interaction between six candidate proteins and the MAPKs was confirmed in at least one of the interaction assays.
Validation of novel in vivo phosphorylation sites of MAPK substrates
The selected candidates were all phosphorylated in vivo on one or more (S/T)*P sites suggesting that they were potential substrates of MAPKs. To test the capacity of the MAPKs to phosphorylate these proteins at the given in vivo sites, the seven proteins were produced as recombinant proteins and tested by in vitro kinase assays (Table S7 ). TOM1 and BBC1 were phosphorylated by both MPK4 and MPK6; UGD2, AYL1, USPA and PUX9 were phosphorylated by all three MAPKs. With the exception of CaLB, which was not phosphorylated by any of the three MAPKs, the in vivo phosphosites were phosphorylated by the respective MAPKs in vitro. In some cases, additional (S/T)*P sites were phosphorylated by the three immune MAPKs (Table S7) .
Overall, these results suggest that six out of the seven tested proteins represent true MAPK substrates.
Subcellular localization of the MAPK substrates
To further characterize the seven selected proteins, we examined the subcellular localization of GFP-tagged proteins expressed in N. benthamiana 24 leaf epidermal cells by confocal microscopy (Figure 6) . Five of the candidate proteins, namely UGD2, USPA, TOM1, CaLB and PUX9 were localized exclusively to the cytoplasm while AYL1 localized to both the cytoplasm and nucleus. BBC1, however, was localized exclusively to the nucleus. These subcellular localization data are overall in good agreement with the BiFC results and with the fact that these proteins were identified from a cytoplasmic fraction. reduced the total number of fragmented peptides by a factor of two, but increased the reliability of phosphosite identification; we analyzed a cytoplasmic protein fraction, which is of high complexity and is not expected to be the subcellular compartment best suited to detect transcription factors.
Discussion
Expansion of the MAPK substrate repertoire
Overall, our in vivo phosphoproteome results confirm the identification of several previously proposed MAPK targets and largely expand the repertoire of MAPK substrates.
MAPKs may target several proteins of the same complex/pathway
The protein interaction network analysis of phosphoproteins exhibiting modified phosphorylation levels highlighted that proteins belonging to the same complex or pathway may be collectively targeted by immune MAPKs as direct substrates and/or more indirectly by MAPKs acting as upstream regulators of the responsible kinases. In particular, we identified a number of proteins involved in translational control for both MPK3 and MPK6 and several cytoskeleton regulatory proteins for MPK4. Interestingly, putative substrates of the human ERK1/2 MAPKs identified by phosphoproteomics also appeared to group in protein complexes or functional pathways (74) , which suggests the probable broad conservation of this feature among eukaryotes.
Specific and shared MAPK substrates
Our previous genetic and transcriptomic analysis indicated that MPK3, MPK4
and MPK6 had specific targets but also closely collaborate as kinase pairs or even as kinase triads to execute their functions (31). For example, approximately half of the genes that were differentially expressed in mpk3 displayed a similar regulation in mpk4. Moreover, we observed that a knock out in mpk3 or mpk6 affects the activation of the other two kinases in the triad. given (S/T)*P site by a MAPK has been described to depend on several factors, among which are the presence and location of docking domains (82) (83) (84) and the kinase preference for the residues surrounding the phosphosite (72, 85) . In line with this, our observations encourage considering a putative MAPK substrate at the level of each of its S*P or T*P phosphosites,
anticipating that each site may be recognized and phosphorylated by a given MAPK with different affinities.
Novel MAPK substrates
USPs belong to a superfamily and are found in bacteria, archaea, fungi, These data would thus indicate that immune MAPKs, predominantly MPK6, regulate the ESCRT machinery.
Arabidopsis has 15 UBX (ubiquitin-regulatory X-containing) proteins that act as CDC48-interacting partners (91) . PUX1 acts as a negative regulator of CDC48 regulating plant growth and development (92, 93) . Interestingly, pux2
showed reduced growth and reproduction of Golovinomyces orontii (91) . We identified PUX9 to be phosphorylated in the three mapk mutants and in WT was phosphorylated upon flg22 in WT but not in any of the three mapk mutants. We did not detect this phosphopeptide by in vitro kinase assays; yet we could detect the corresponding peptide in its non-phosphorylated version, which indicated that a lack of protein sequence coverage was not the issue.
These results suggest that CaLB is probably not a direct substrate of MPK3, MPK4 or MPK6. Hwang from KAUST for scientific Illustrations.
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The authors declare that they have no conflict of interest. Table 1 . This table lists all the (S/T)*P-containing phosphopeptides whose abundance was significantly diminished or increased in the considered mpki mutant compared to WT plants in mock condition (from Table S3 and Table S4 associated to Figure S2 ). They thus constitute probable MAPK direct substrates. In bold characters are indicated phosphopeptides that were specifically nondetected in one mpki mutant; they thus constitute likely specific direct substrates of MPKi. Table 2 . This table lists all the flg22-induced phosphopeptides (from Table S3 and Table S4 associated to Figure S2 ). The fold-changes of phosphorylation upon flg22 treatment are indicated for the four genotypes. "De novo" means that the phosphopeptides became de novo phosphorylated upon flg22 treatment. First, sequences becoming more phosphorylated upon flg22 treatment are indicated. Then phosphopeptides being absent in one mutant in mock condition and showing different responses to MAMP application are listed.
